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A polymer for use in an optical device comprising a hole 
transporting region, an electron transporting region, an emis 
sive region, said polymer comprising an optionally substi 
tuted repeat unit of formula (I): 

wherein each Ar is the same or different and comprises an 
optionally substituted aryl group. 
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SUBSTITUTED FLUORENE POLYMERS, 
THEIR PREPARATION AND USE IN 

OPTICAL DEVICES 

This is the US. national phase of International Application 
No. PCT/GB02/02167 ?led May 10, 2002, the entire disclo 
sure of Which is incorporated herein by reference and the 
priority bene?t under 35 U.S.C. §119(e) of US. provisional 
application Ser. No. 60/315,623 ?ledAug. 29, 2001, is hereby 
claimed. 

FIELD OF THE INVENTION 

The invention relates to materials for optical devices, in 
particular organic electroluminescent devices, and the control 
of their physical properties. 

BACKGROUND OF THE INVENTION 

One class of opto-electrical devices is those using an 
organic material for light emission or detection. The basic 
structure of these devices is a light emissive organic layer, for 
instance a ?lm of a poly (p-phenylenevinylene) (“PPV”) or 
poly?uorene, sandWiched betWeen a cathode for injecting 
negative charge carriers (electrons) and an anode for injecting 
positive charge carriers (holes) into the organic layer. The 
electrons and holes combine in the organic layer generating 
photons. In WO 90/13148 the organic light-emissive material 
is a polymer. In US. Pat. No. 4,539,507 the organic light 
emissive material is of the class known as small molecule 
materials, such as (8-hydroxyquinoline) aluminium (“Alq3”). 
In a practical device one of the electrodes is transparent, to 
alloW the photons to escape the device. 

FIG. 1 illustrates the cross-sectional structure of a typical 

organic light-emissive device (“OLED”). The OLED is typi 
cally fabricated on a glass or plastic substrate 1 coated With a 
transparent ?rst electrode 4 such as indium-tin-oxide 
(“ITO”). A layer of a thin ?lm of at least one electrolumines 
cent organic material 3 covers the ?rst electrode. Finally, a 
cathode 2 covers the layer of electroluminescent organic 
material. The cathode is typically a metal or alloy and may 
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comprise a single layer, such as aluminium, or a plurality of 
layers such as calcium and aluminium. Other layers can be 
added to the device, for example to improve charge injection 
from the electrodes to the electroluminescent material. For 

example, a hole injection layer such as poly(ethylene diox 
ythiophene)/polystyrene sulfonate (PEDOT-PSS) or polya 
niline may be provided betWeen the anode 4 and the electrolu 
minescent material 3. When a voltage is applied betWeen the 
electrodes from a poWer supply one of the electrodes acts as 

a cathode and the other as an anode. 

For organic semiconductors important characteristics are 
the binding energies, measured With respect to the vacuum 
level of the electronic energy levels, particularly the “highest 
occupied molecular orbital” (HOMO) and the “loWest unoc 
cupied molecular orbital” (LUMO) level. These can be esti 
mated from measurements of photoemission and particularly 
measurements of the electrochemical potentials for oxidation 
and reduction. It is Well understood in this ?eld that such 
energies are affected by a number of factors, such as the local 
environment near an interface, and the point on the curve 
(peak) from Which the value is determined. Accordingly, the 
use of such values is indicative rather than quantitative. 

A focus in the ?eld of polymer OLEDs is the development 
of full colour displays for Which red, green and blue emissive 
materials are required. For commercial applications, it is 
desirable for the OLED to have a lifetime of several thousand 
hours (by “lifetime” is meant the time for the brightness of the 
OLED to fall from 100 cd/m2 to 50 cd/m2 When operated 
under DC drive at room temperature). One drawback With 
existing polymer OLED displays relevant to this development 
is the relatively short lifetime of blue emissive materials 
knoWn to date. The lifetime of the emissive material may be 
extended by optimisation of the OLED architecture; for 
example lifetime of the red, green and blue materials may be 
dependant on the cathode being used. HoWever, a polymer (in 
particular a blue electroluminescent polymer) that is inher 
ently stable, ie one having a high lifetime in a variety of 
OLED architectures, is clearly desirable. 
W0 00/ 55927 discloses a polymer of formula (a): 

(a) 

"Bu "Bu X "Bu y 
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This application does not disclose polymers comprising 
diphenyl?uorene repeat units. 
WO 00/22026 discloses polymers of formula (b): 

0.0 
(b) 

y 

Wherein X is 97 or 99 and Y is 3 or 1 respectively. These 
polymers are disclosed for use in electroluminescent devices. 

Other disclosures of electroluminescent polymers com 
prising diphenyl?uorene repeat units include: 
EP 1088875 Which discloses a copolymer based on 9-(4 

adamantylphenyl-l0-phenylanthracene and 2-adaman 
tyl?uorene repeat units; 

WO 99/20675 Which discloses a 1:1 copolymer of 9,9-di-n 
octyl?uorene and 9,9-di(4-methoxyphenyl)?uorene. 
It is an object of the present invention to provide a means 

for increasing the lifetime of polymers for use in an optical 
device above that of prior art polymers. It is a further object of 
the invention to provide a long-lived polymer for use in an 
optical device, particularly a long-lived blue electrolumines 
cent material. It is a yet further object of the invention to 
provide a means for increasing the thermal stability of prior 
art polymers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the cross-sectional structure of a typical 
organic light-emissive device (“OLED”). 

DETAILED DESCRIPTION 

The present inventors have surprisingly found that the life 
time of a polymer for use in an optical device, in particular an 
electroluminescent polymer, may be increased by the incor 
poration of repeat units that increase the glass temperature 
(Tg) of the polymer. In particular, incorporation of 2,7-linked 
9,9-diaryl?uorene repeat units into an electroluminescent 
polymer, particularly a blue emissive electroluminescent 
polymer, results in signi?cant increase in that polymer’ s life 
time. In addition to its effect on lifetime of a polymer, an 
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increase in the Tg of a polymer is inherently desirable because 
of the increase in thermal stability. 

Accordingly, in a ?rst aspect the invention provides a poly 
mer for use in an optical device comprising: 

a hole transporting region 
an electron transporting region, and 
an emissive region 

said polymer comprising an optionally substituted repeat unit 
of formula (I): 

(I) 

Wherein each Ar is the same or different and comprises an 
optionally substituted aryl group. 

Preferably, each Ar is independently selected from the 
group comprising an optionally substituted residue of for 
mula (II): 

(11) 

n 

Wherein n:1, 2 or 3 and R is a solubilising group or hydrogen. 
Particularly preferred groups R are hydrogen and optionally 
substituted alkyl or alkoxy. Most preferably, R is hydrogen or 
butyl. By “butyl” is meant n-, sec- or tert-butyl 

9,9-diaryl?uorene repeat units present in polymers as dis 
closed in the aforementioned prior art have been used for the 
purpose of electron transport and/or as a linking group for a 
second repeat unit. To this end, these prior art polymers con 
sist of 50% or more of 9,9-diaryl?uorene units. HoWever, the 
present inventors have determined that a loWer amount of 
repeat units of formula (I) may be employed for the purpose 
of increasing glass transition temperature by comparison With 
a corresponding polymer not comprising repeat units of for 
mula (I). Accordingly, the polymer of the invention prefer 
ably comprises less than 50 mol %, more preferably 10-40 
mol % of repeat units of formula (I). 

Preferably, the polymer is an electroluminescent polymer. 
More preferably, the polymer is a blue electroluminescent 
polymer. By “blue electroluminescent polymer” is meant a 
polymer that by electroluminescence emits radiation having a 
Wavelength in the range of 400-500 nm, preferably 430-500 
nm. 

In a second aspect, the invention provides an optical 
device, preferably an electroluminescent device, comprising 
a ?rst electrode for injection of positive charge carriers, a 
second electrode for injection of negative charge carriers and 
a layer located betWeen the ?rst and second electrode com 
prising a polymer comprising: 

a hole transporting region 
an electron transporting region 
an emissive region 
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said polymer comprising a repeat unit of formula (I): 

(I) 

Wherein each Ar is the same or different and comprises an 
optionally substituted aryl group. 

In a third aspect, the invention provides a method of con 
trolling the glass transition temperature of a polymer Which 
comprises polymeri sing in a polymerisation mixture a mono 
mer of formula (III): 

(111) 

wherein each Ar is the same or different and comprises an 
optionally substituted aryl group and each P is a functional 
group for polymerisation, the process comprising the steps of 
polymerising an amount of the monomer of formula (111) 
required to reach a preselected glass transition temperature. 

Preferably, monomers of formula (III) comprise less than 
50 mol %, more preferably 10-40 mol %, of monomers in the 
polymerisation mixture of monomers in the polymerisation 
mixture. 
TWo polymerisation techniques that are particularly ame 

nable to preparation of conjugated polymers from aromatic 
monomers are Suzuki polymerisation as disclosed in, for 
example, WO 00/ 53656 and Yamamoto polymerisation as 
disclosed in, for example, “Macromolecules”, 31, 1099-1103 
(1998). Suzuki polymerisation entails the coupling of halide 
and boron derivative functional groups;Yamamoto polymeri 
sation entails the coupling of halide functional groups. 
Accordingly, it is preferred that each P is independently 
selected from the group consisting of (a) boron derivative 
functional groups selected from boronic acid groups, boronic 
ester groups and borane groups and (b) halide functional 
groups. 

Preferably, the method comprises a step of reacting a ?rst 
monomer of formula (111) With a second monomer that may be 
the same or different from the ?rst monomer in the presence 
of a metal co-ordination complex catalyst and under condi 
tions so as to polymerise the monomers to form a polymer. 

Preferably, the method comprises a step of polymeriZing in 
a reaction mixture (a) a ?rst aromatic monomer having at least 
tWo boron derivative functional groups selected from a 
boronic acid group, a boronic ester group and a borane group, 
and a second aromatic monomer having at least tWo reactive 
halide functional groups Wherein at least one of the ?rst or 
second aromatic monomers comprises a monomer of formula 
(III); or (b) an aromatic monomer of formula (111) having one 
reactive halide functional group and one boron derivative 
functional group selected from a boronic acid group, a 
boronic ester group and a borane group, Wherein the reaction 
mixture comprises a catalytic amount of a catalyst suitable for 
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6 
catalysing the polymerisation of the aromatic monomers, and 
a base in an amount su?icient to convert the boron derivative 

functional groups into iBX; anionic groups, Wherein X is 
independently selected from the group consisting of F and 
OH. 

Preferably, the base is an organic base, more preferably a 
tetra-alkylammonium carbonate or hydroxide as disclosed in 
W0 00/ 53656. 

In a fourth aspect, the invention provides use of an option 
ally substituted repeat unit of formula (I) in a polymer, pref 
erably an electroluminescent polymer, as a glass transition 
temperature enhancing agent: 

(I) 

Wherein each Ar is as de?ned above. 
In a ?fth aspect, the invention provides an polymer, pref 

erably an electroluminescent polymer, comprising less than 
50 mol %, preferably 10-40 mol % of an optionally substi 
tuted repeat unit of formula (I): 

(I) 

Wherein each Ar is as de?ned above. 
Each region may comprise a single repeat unit or a plurality 

of repeat units conjugated together. Each of the hole trans 
porting region, electron transporting region and emissive 
region may only occur once Within the polymer. A region may 
only occur once Within the polymer, particularly When it 
comprises an extended chain of conjugated repeat units. 
Alternatively, there may be a plurality of one or more of the 
hole transporting region, electron transporting region and 
emissive region distributed throughout the polymer. It should 
be noted that each of the three regions are chemically differ 
ent from one another, i.e. preferably, in use, a given region 
Will not function as more than one of a hole transport region, 
an electron transport region or an emissive region. 
The terms “hole transporting region”, “electron transport 

ing region” and “emissive region” are de?ned relative to one 
another as outlined beloW. 
By “hole transporting region” is meant a region having a 

HOMO level loWer than the HOMO level of the emissive 
region or the electron transporting region. 
By “electron transporting region” is meant a region having 

a LUMO level higher than the LUMO level of the emissive 
region or the hole transporting region. located betWeen the 
LUMO level of the emissive region and the Workfunction of 
the cathode of the device in Which the polymer of the inven 
tion is used. Typically; the Workfunction of the cathode is 
around 2.5 eV 
By “emissive region” is meant a region having a HOMO 

LUMO bandgap smaller than that of the hole transporting 
region or the electron transporting region. 
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The HOMO and LUMO levels and bandgaps of a region of 
the polymer may be accurately estimated by measuring the 
HOMO level of a corresponding homopolymer or 1:1 copoly 
mer by cyclic voltammetry. The LUMO level of a region may 
also be measured in this Way, alternatively, it may be calcu 
lated by measurement of the HOMO level and the HOMO 
LUMO bandgap. Furthermore, the emissive region Will be 
readily identi?able from on the electroluminescent spectra of 
homopolymers or 1:1 copolymers corresponding to each 
region. 

Substantially all hole transport, electron transport or emis 
sion Will arise from regions meeting the corresponding de? 
nition given above, hoWever a relatively minor amount of hole 
transport, electron transport or emission may be due to 
regions not meeting the corresponding de?nition. For 
example, a relatively minor amount of emission may be 
observed from a hole or electron transporting region if the 
HOMO-LUMO bandgap of that region is not much greater 
than the HOMO-LUMO bandgap of the emissive region. 
A typical electroluminescent device comprises an anode 

having a Workfunction of 4.8 eV. Accordingly, the HOMO 
level of the hole transporting region is preferably around 
4.8-5 .5 eV. Similarly, the cathode of a typical device Will have 
a Workfunction of around 3 eV. Accordingly, the LUMO level 
of the electron transporting region is preferably around 3-3.5 
eV. 

Preferred as hole transporting regions are triarylamines as 
disclosed in, for example, WO 99/ 54385 the contents of 
Which are incorporated herein by reference. 

Preferred as electron transporting regions are 2,7-linked 
?uorene repeat units and conjugated chains thereof. Particu 
larly preferred poly?uorenes include 2,7-linked-9,9-dialkyl 
?uorenes as disclosed in, for example, EP 0842208, the con 
tents of Which are incorporated herein by reference; spirobi 
?uorenes as disclosed in, for example, EP 0707020, the con 
tents of Which are incorporated herein by reference, and 
indeno?uorenes. In addition, repeat units of formula (I), and 
conjugated chains thereof, may function as electron trans 
porting regions as Well as serving to increase the glass tran 
sition temperature of polymers of the invention. Also pre 

BIZ 
P205, 

P(OMe)3 
—> Br 

0 

BF3°OEt2 
Br Br <— Br 

Ar Ar Ar 
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8 
ferred as electron transporting regions are l,4-linked phenyl 
repeat units and conjugated chains thereof. 

Preferred as emissive regions are emissive repeat units as 
disclosed in WO 00/55927 and WO 00/46321, the contents of 
Which are incorporated herein by reference. A particularly 
preferred blue emissive repeat unit comprises an optionally 
substituted repeat unit of formula (IV): 

(1V) 

{PNONO 

Wherein each R' is independently selected from hydrogen 
or a solubilising group. Particularly preferred solubilising 
groups are optionally substituted alkyl or alkoxy. Most pref 
erably, R' is n-butyl. 

Each of the hole transporting region, electron transporting 
region and emissive region may be provided as part of the 
polymer backbone as disclosed in, for example, WO 
00/ 55927. Alternatively, one or more of the said regions may 
be pendant from the polymer backbone as disclosed in, for 
example, WO 01/49769 and WO 02/26859 Wherein hole 
transporting regions are pendant from an electron transport 
ing backbone. 

EXAMPLES 

Monomer Examples 

Monomers according to the invention Were prepared in 
accordance With the scheme beloW: 

KOH 
Br —> Br Br 

COZH 

MeOH, 
H2SO4 
69% 

Ar-Br 
BuLi 

Br 4% Br Br 

OH COZMe 
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Monomer Example M1 

2,7-dibromo-9,9-diphenyl?uorene 

2,7-Dibromo?uorenone 

Br Br 

0 

In a 3L ?ange ?ask ?uorenone (100.006 g, 0.555 mol), 
phosphorus pentoxide (110.148 g, 0.776 mol) and trimeth 
ylphosphate (1200 mL) Were mixed. Under mechanical stir 
ring, a solution of bromine (63 mL, 1.23 mol) in trimeth 
ylphosphate (200 mL) Was quickly added. This clear solution 
Was then heated for 22 hours at 1200 C. The mixture Was 
alloWed to cool to room temperature, then poured into 3 L of 
Water. When sodium thiosulfate Was added (50.045 g) the 
mixture turned yelloW. Stirring Was maintained for 1 hour 
then the yelloW solid Was ?ltered. This solid Was heated in 
methanol to remove the mono-brominated compound and 
gave 176.183 g (98% pure by HPLC, 94% yield). 

1H NMR (CDCl3) 7.73 (2H, d, J 2.0), 7.61 (2H, dd, J 7.6, 
2.0), 7.36 (2H, d, J 8.0); 13C NMR (CDCl3) 142.3, 137.5, 
135.3,127.9,123.3,121.8,109.8. 

4,4'-Dibromo-2-carboxylic acid-1,1'-biphenyl 

Br Br 

cozn 

In a 2 L ?ange ?ask 2,7-dibromo?uorenone (120.526 g, 
0.356 mol), potassium hydroxide (?nely poWdered ?akes, 
168.3279 g, 3.000 mol) and toluene (600 mL) Were placed. 
This mixture Was heated at 1200 C. for four hours then left to 
cool to room temperature. Water Was added to dissolve the 
solid (~2 L) under vigorous stirring. The greenish aqueous 
layer Was removed and the yelloW toluene layer Was Washed 
tWice With Water. The combined aqueous layers Were acidi 
?ed With concentrated hydrochloric acid then the precipitated 
solid Was ?ltered, dried then recrystallised from toluene to 
give 100.547 g of off White crystals (79% yield); 1H NMR 
((CD3)2CO) 8.00 (1H, d, J 2.0), 7.77 (1H, dd, J 8.0, 2.4), 7.57 
(2H, d, J 8.0), 7.34 (1H, d, J 8.4), 7.29 (2H, d, J 8.8); l3CNMR 
((CD3)2CO) 167.1, 140.4, 139.8, 134.2, 133.5, 132.8, 132.7, 
131.2,130.6,121.4,121.1. 

Methyl ester of 4,4'-dibromo -2 -carboxylic acid-1,1'-biphenyl 

Br Br 

COZMe 

4,4-dibromo-2-carboxylic acid biphenyl (171.14 g, 0.481 
mol) Was suspended in methanol (700 mL) and sulfuric acid 
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(15 mL) then heated at 800 C. for 21 hours. The solvent Was 
removed and the oil Was dissolved in ethyl acetate. This 
solution Was Washed With 2N sodium hydroxide, Water, satu 
rated sodium chloride, dried over magnesium sulfate, ?ltered 
and evaporated to give an orange oil. This oil Was treated With 
hot methanol, on cooling the ester precipitated out and Was 
?ltered. The mother liquor Was evaporated and the solid 
recrystallised giving additional product. The ester Was 100% 
pure by GCMS, a yield of 123.27 g (69%) Was obtained; 1H 
NMR (CDCl3) 7.99 (1H, d, J 2.0), 7.64 (1H, dd, J 8.0, 1.6), 
7.51 (2H, d, J 8.4), 7.19 (1H, d, J 8.8), 7.13 (2H, d, J 8.8), 3.67 
(3H, s); 13C NMR (CDCl3) 167.1, 140.3, 139.1, 134.4, 132.9, 
132.1, 132.0, 131.3, 129.8, 121.9, 121.5, 52.3; GCMS: 
M+:370 

4,4'-dibromo -2 -diphenyl alcohol-1,1'-biphenyl 

Br 0 0 Br 

I OH 

4,4-dibromo-2-methyl ester-biphenyl (24.114 g, 65.1 
mmol) Was dissolved in dry diethyl ether (120 mL) and the 
solution Was cooled to —600 C. by using an isopropanol/dry 
ice bath. Phenyl lithium (1.8M solution in cyclohexane-ether, 
91 mL) Was then added dropWise. The mixture Was stirred and 
let to Warm to room temperature. The reaction Was complete 
after four hours. Water Was added (70 mL) then the aqueous 
layer Washed once With diethyl ether. Combined organic 
phases Were Washed With sodium chloride, dried over mag 
nesium sulfate, ?ltered and evaporated to give a yelloW poW 
der. Recrystallisation from isopropanol afforded 19 g of White 
solid (5 9% yield);GC-MS (m/Z, relative intensity %) 494 
(M", 100); 1H NMR (CDCl3) 7.43 (1H, dd, J 8.4, 2.4), 7.28 
(6H, m), 7.23 (2H, d, J 8.0), 7.11 (4H, m), 6.99 (1H, d, J 2.4), 
6.94 (1H, d, J 8.4), 6.61 (2H, d, J 8.4); 13C NMR (CDCl3) 
147.5, 146.7, 140.3, 139.3, 134.0, 133.0, 131.2, 131 .1, 130.3, 
128.2, 128.1, 127.8, 121.8, 121.3, 83.2. 

2,7-dibromo-9,9-diphenyl?uorene 

Br 0 0 Br 
HO 

AcOH, HCl 
1000 c. 

B. 0.0 B. 

O O 
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The alcohol (69.169 g, 140 mmol) and glacial acetic acid 
(450 ml) Were stirred and heated to re?ux, then concentrated 
hydrochloric acid (0.5 ml) Was added dropWise. When the 
addition Was completed the mixture Was heated for one hour 

and then cooled. The reaction mixture Was poured into Water 
(500 ml), after Which the solid Was ?ltered off. The White 
solid Was recrystallised from n-butyl acetate three times to 
give 20.03 g of desired product (99.59% by HPLC, 30% 
yield). 

1H NMR (CDCl3), 6/ppm: 7.58 (2H, d, J 7.6), 7.49 (2H, d, 
1.2), 7.48 (2H, dd, 1.6), 7.25 (6H, m), 7.14 (4H, m). l3CNMR 
(CDCl3), 6/ppm: 153.2, 144.6, 138.3, 131.1, 129.6, 128.7, 
128.2, 127.4, 122.0, 121.7, 65.8. 

Monomer Examples M2-M4 

Monomers With Ar groups as detailed in the table beloW 
Were prepared in accordance With the scheme and general 
experimental process outlined above. Aryllithium com 
pounds corresponding to Ar groups shoWn in the table Were 
prepared from the corresponding aryl bromide. 

Yield of Monomer 

example no. 

M2 90% 

M3 24% g . 

M4 22% 

Polymer Example P1 

A blue electroluminescent polymer according to the inven 
tion Was prepared in accordance With the process of W0 
00/ 53656 by reaction of 9,9-di-n-octyl?uorene-2,7-di(ethyl 
enylboronate) (0.5 equivalents), 2,7-dibromo-9,9-diphe 
nyl?uorene (0.3 equivalents), N,N-di(4-bromophenyl)-sec 
butylphenylamine (0.1 equivalents) and N,N'-di(4 
bromophenyl) -N,N'-di (4 -n-butylphenyl)- 1 ,4 
diaminobenZene (0.1 equivalents) to give polymer P1: 

P1 

m 
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-continued 

N—< >— N 

"Bu "Bu 1 0 

10 

30 

Polymer Examples P2-P4 

Polymers Were prepared in accordance With the method of 
example P1 except that ratios of 9,9-dioctyl?uorene repeat 
units and 9,9-diphenyl?uorene repeat units present in the 
polymer Were varied as folloWs: 

Example no. (mol %) (mol %) 

P2 50 30 
P3 60 2O 

Polymer Example P5 

A polymer Was prepared in accordance With the method of 
example P1 except that 2,7-dibromo-9,9-di(biphenyl)?uo 
rene (monomer example M3; 0.3 eq) Was used in place of 
2,7-dibromo-9,9-diphenyl?uorene. 

Comparative Polymer Example 

A blue emissive polymer, as disclosed in WO 00/55927, 
Was prepared in accordance With polymer example 1 Wherein 
all 9,9-diphenyl?uorene repeat units Were replaced With 9,9 
di-n-octyl?uorene repeat units. This Was done by folloWing 
the preparation of polymer example 1 except that 0.3 equiva 
lents of 2,7-dibromo-9,9-di-n-octyl?uorene Was used inplace 
of 2,7-dibromo-9,9-diphenyl?uorene. 

Device Example 

Onto a glass substrate carrying an ITO substrate of thick 
ness Was deposited by spin coating poly(ethylenedioxythio 
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pene)/polystyrene sulfonate (available from BayerTM as Bay 
tron PTM) to a thickness of 270 microns. Over this Was 
deposited a polymer according to the invention to a thickness 
of 50 nm by spin coating. A layer of lithium ?uoride (thick 
ness 4 nm) Was deposited onto the polymer by evaporation 
folloWed by a cathode of calcium (thickness 50 nm), again 
deposited by evaporation. The device Was encapsulated using 
a metal can. 

Comparative Device Example 

A device Was prepared in accordance With the method 
outlined for the device example above except that the com 
parative polymer described above Was used in place of the 
polymer according to the invention. 

Results 
The table beloW provides glass transition temperature data 

for polymers described above. 

Glass transition 
Polymer example temperature (0 C.) 

Comparative example ca. 80 
P1 140 
P2 210 
P3 240 
P4 175 

As can be seen, polymers according to the invention have 
signi?cantly higher Tg values than the comparative prior art 
polymer, giving them greater thermal stability. Tg increases 
With the quantity of repeat units of formula (I) incorporated 
into the polymer. Furthermore, different repeat units of for 
mula (I) differ in the extent to Which they affect Tg. Thus, 
polymer P4 (comprising 30% di(biphenyl)?uorene repeat 
units) has a higher Tg than polymer P1 (comprising 30% 
diphenyl?uorene repeat units). 

In addition to the increase in thermal stability, polymers 
P1-P4 have a lifetime of around 3,000 hours or more Whereas 
the comparative polymer example has a lifetime of around 
1,000 hours. 
Although the present invention has been described in terms 

of speci?c exemplary embodiments, it Will be appreciated 
that various modi?cations, alterations and/ or combinations of 
features disclosed herein Will be apparent to those skilled in 
the art Without departing from the spirit and scope of the 
invention as set forth in the folloWing claims. 

The invention claimed is: 
1. A polymer for use in an optical device, the polymer 

comprising; 
a hole transporting region; 
an electron transporting region; and, 
an emissive region, 
said polymer comprising an optionally substituted repeat 

unit of formula (I): 

(I) 
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Wherein each Ar is the same or different and comprises an 

optionally substituted aryl group, Wherein each of the 
hole transporting region, the electron transporting 
region, and the emissive region is chemically different 
from one another, and Wherein the polymer comprises a 
plurality of ?uorene repeat units conjugated together. 

2. A polymer according to claim 1 Wherein each Ar is 
independently selected from the group comprising an option 
ally substituted residues of formula (ll): 

(11) 

Wherein n:1, 2 or 3 and R is a solubiliZing group or hydro 
gen. 

3. A polymer according to claim 2 Wherein R is selected 
from the group consisting of optionally substituted alkyl and 
optionally substituted alkoxy groups. 

4. A polymer according to claim 2 Wherein R is hydrogen 
or butyl. 

5. A polymer according to claim 1 comprising less than 50 
mol % of repeat units of formula (I). 

6.A polymer according to claim 5 comprising 10-40 mol % 
of repeat units of formula (I). 

7. A polymer according to claim 1 Wherein the electron 
transporting region comprises at least one repeat unit of for 
mula (I). 

8. A polymer according to claim 1 Wherein the electron 
transporting region does not comprise a repeat unit of formula 
(I). 

9. A polymer according to claim 1 capable of emitting light 
in the Wavelength range 400-500 nm. 

10. An optical device comprising a ?rst electrode for injec 
tion of positive charge carriers, a second electrode for injec 
tion of negative charge carriers, and a layer located betWeen 
the ?rst and second electrode comprising a polymer as 
de?ned in claim 1. 

11. A polymer according to claim 1 capable of emitting 
light in the Wavelength range of 430-500 nm. 

12. A polymer according to claim 1, Wherein the hole 
transporting region comprises a triarylamine moiety and the 
emissive region comprises an optionally substituted repeat 
unit of formula (IV): 

@N@N® 

Wherein R' is hydrogen or a solubiliZing group. 

13. A method of controlling the glass transition tempera 
ture of a polymer Which comprises polymerizing in a poly 
meriZation mixture a monomer of formula (III): 
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(III) 

ArAr 

wherein eachAr is the same or different and comprises an 
optionally substituted aryl group and each P is a func 
tional group for polymerization, the process comprising 
the steps of polymerizing an amount of the ?rst mono 
mer of formula (III) required to reach a preselected glass 
transition temperature With second and third monomers 
to polymerize the ?rst, second, and third monomers to 
form a polymer comprising a hole transporting region, 
an electron transporting region, and an emissive region, 
Wherein each of the hole transporting region, the elec 
tron transporting region, and the emissive region is 
chemically different from one another, and Wherein the 
polymer comprises a plurality of ?uorene repeat units 
conjugated together. 

14. A method according to claim 13 Wherein eachAr com 
prising an optionally substituted residue of formula (ll): 

(11) 

Wherein n:l, 2 or 3 and R is a solubilizing group or hydro 
gen. 

15. A method according to claim 14 Wherein R is selected 
from the group consisting of optionally substituted alkyl and 
optionally substituted alkoxy groups. 

16. A method according to claim 13 Wherein monomers of 
formula (III) comprise less than 50 mol % of monomers in the 
polymerization mixture. 

20 

25 

30 

35 

40 

16 
17. A method according to claim 16 Wherein monomers of 

formula (III) comprise 10-40 mol % of monomers in the 
polymerization mixture. 

18. A method according to claim 13 Wherein each P is 
independently selected from the group consisting of (a) boron 
derivative functional groups selected from boronic acid 
groups, boronic ester groups and borane groups and (b) halide 
functional groups. 

19. A method according to claim 13 comprising a step of 
reacting the monomer of formula (III) With the second and 
third monomers in the presence of a metal co-ordination 
complex catalyst. 

20. A method according to claim 13 Wherein the ?rst mono 
mer has one of (i) at least tWo boron derivative functional 
groups selected from boronic acid groups, boronic ester 
groups and borane groups, and (ii) at least tWo reactive halide 
functional groups, and at least one of the second and third 
monomers has the other of (i) at least tWo boron derivative 
functional groups selected from boronic acid groups, boronic 
ester groups and borane groups, and (ii) at least tWo reactive 
halide functional groups; or the ?rst monomer has one reac 

tive halide functional group and one boron derivative func 
tional group selected from boronic acid groups, boronic ester 
groups and borane groups, and at least one of the second and 
third monomers also has one reactive halide functional group 
and one boron derivative functional group selected from 
boronic acid groups, boronic ester groups and borane groups, 
Wherein the reaction mixture comprises a catalytic amount of 
a catalyst suitable for catalyzing the polymerization of the 
aromatic monomers, and a base in an amount suf?cient to 
convert the boron derivative functional groups into iBX; 
anionic groups, Wherein X is independently selected from the 
group consisting of F and OH. 

21. A method according to claim 19 Wherein the base is an 
organic base. 
22.A method according to claim 13 Wherein the polymer is 

an electroluminescent polymer. 


